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Summary of Ribose Selectivity Residue in Pol I -Type DN APolymerases Polymerase ~ 

Residue dNMP/ddNMP Incorporation Rate ^ polymerase 

Escherichia coli Phenylalanine 600 (0.6 for Phenylalanine .fwdarw. Tvro^-in^ Mutant) 
Thermus aquaticus Phenylalanine 3,000 (0.5 f or Phenylalan ine . fwdarw^ ?^roslS^ 
gtgg^) Thermus thermophilus Phenylalanine >l,poo Thermus flavus Phenylllanin^ 
Demococcus radiodurans Phen ylalanine Streptococcus pneumoniae Ph enylala nine 
J^pi^n!!""? • ^"^"^ Mycobacteriophage L5 Phenylal anine Bacteri oph^^oP 

T5 Phenylalanine Bacteriophage SPOl Phenylalanine Bacte riophage SP02 Leucine 
Bacteriophage T7 Tyrosine 3 (8,000 for Tyrosine .fwdarw. Phenylalanine Sutant) 
!jrosS Mycobacterium tuberculosis Tyro sine Vcobacter?um l eprae 
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DOCUMENT- IDENTIFIER: US 5614365 A 

TITLE: DNA polymerase having modified nucleotide binding site for DNA sequencing 
Detailed Description Text (55) : 

E. coli DNA polymerase I with altered Phe762 (altered means replaced with e q Tvr 
or an equivalent amino acid to give the non-discriminatory property) . a-' ^ ' 

Detailed Description Text (69) : 

fin^o^''T,.^^''^"^*^r ^""t ''f^'^ cloning and expression of mutant DNA polymer ase 

genes. The genes for the large fragment of E. coli DNA polymera se I (Klenow ^ 
fragment) and the large fragment of Taq DNA polymerase (KlenTaq or .DELTA. Taq DNA 
g^n^^^u^!' ^^''''^^ ^^""^ 29, 1992 or Stoffel fragment, see Lawyer et al"^ 

E cof? DNA '''' '"^^ """""''^3 materials for^he generati^ of muJantJ in 

th^Tv p S? I ^""^ Taq DNA polymerase, are expressed under the c ontrol of 

the TV RNA polymerase promoter. The gene for the .DELTA.28 amino acid deletion of TT 
DNA polymerase (see Tabor and Richardson 264, j. Biol. Chem. 6447, 1989) the 
starting material for the generation of mutants in T7 DNA polymera se, is 'expressed 
under the control of the lac promoter in a strain that product E. c^ li thi^redoxin 
a necessary factor for processive DNA synthesis by T7 DNA polymerase (Tabor and 

thfo^nr^";, r^""^],- ""^^ ^^""^ ^^'^ DNA polymerase mutant F667Y from 

the gene that produces .DELTA. Taq DNA polWierase to the aen^ that produces the full 

f"?owe?2y^fli!fl^^ ^t-<^-<i tecLiques using P?R and resLictiSn digestion 
Detailed Description Text (189) : 

H^^MD f^^^"^ ^ri^! °^ ddNMP-terminated fragments, for example a series of 
bf^^o; ^r^r^'^n^''^^'"^^'' "^^^ intensities of the first 20 fragments from the 
bottom of the gel are determined, preferably by Phosphoimager analysis. 
Alternatively, the autoradiograph can be scanned by an imaging densitometer to 
determine the relative intensities of the first 20 f ragments . These intensities are 
then analyzed statistically as described in Example 6 in order to deter^Jne their 

kJ^^^S^'^'^'h "^^""P'^' '"^^ "^'"^^ the Macintos^pJogJam 

Kaleidograph version 3.0 (Synergy Software). The resulting plots are fit to an 

rsur2 tie ""^^^^ Kaleidograph library routine for this function. 

?Hh™ ' ^he correlation index for the data, is calculated by the Kaleidograph 
library routine. This is a measure of the variability in band intensities The 
values obtained for R.sup.2 using a new DNA polymerase are compared to those 
obtained using known DNA polymerases, for example .DELTA.28 T7 DNA polymerase 
(Sequenase Version 2.0, United States Biochemical Corporation) in the ffesenc e of 
""^f^^^ir °f ""^nganese (see Tabor and Richardson 265 J. Biol . chem 8322 1S90) E 
F?62\ ) or^^armrL ? ^-^^^/l^ f"9-ent or Klenow fragment with th; mutailon- 
l i DNA polymerase (either wild-type or the mutant F667Y) . The R sup 2 

values obtained with these known DNA polymerases are uiid^^ standards by which to 
compare a new DNA polymerase for its uniformity. naaras oy wnicn to 

Detailed Description Text (202) : 

=1??.^'^^"''^ analysis with a DNA polymerase of this invention is carried out usino 
standard procedures, with the ratio of dNTPs to ddNTPs adjusted to obtain 
llf°^y-^^^-^-^^^<^ fragments of an average length appropriate for separation by 
electrophoresis. For the mutant in the large fragment of E. coli DNA poly^eJas^ i 
"Klenow fragment F762Y", reactions are carried out essentially as with m^tf i^d il 
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DNA polymerase and described in Tabor and Richardson U.S. Pat. No. 4,795,699, Tabor 
and Richardson 84, Proc. Natl. Acad. Sci. USA 4767, 1987, and SEQUENASE manual, 
"Step-By-Step Protocols For DNA Sequencing With SEQUENASE" 3rd Edition, United 
States Biochemical Corporation. Since Klenow fragment F762Y incorporates 
dideoxynucleotides approximately 5 times more efficiently than modified T7 DNA 
polymerase, the concentration of ddNTPs in the extension-termination mixtures should 
be reduced by a factor of five compared with the standard mixtures recommended for 
modified T7 DNA polymerase (Sequenase manual, supra) . 

Other Reference Publication (28) : 

Carroll et al . , "A Mutant of DNA Polymerase I ( Klenow Fragment) with Reduced 
Fidelity," Biochemistry 30:804-813 (1991). 
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Thermostable DNA polymerase mutants with 

greater or lesser 5'.fwdarw.3' exonuclease activity are prepd. by 
expression of the corresponding genes in Escherichia coli. The genes for 
the thermostable DNA polymerases are selecteded from 
Thermus spsl7, Thermus Z05, Thermus aquaticus, Thermus 
thermophilus, Thermosipho africanus, and Thermotoga maritima and 
are mutagenized by substitution or deletion involving site-specific 
mutation and polymerase chain reaction (PCR) . Prepn. of analogs of the 
Tag DNA polymerase of Thermus aquaticus and other 

species was demonstrated and their defined nucleotide and amino acid 
sequences given. 
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How E. Coli DNA polymerase I ( 
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dideoxynucleotides . 
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Deoxy- and dideoxynucleotides differ only. in whether they have a hydroxyl 
substituent at C-3 ' of the ribose moiety, and yet the Klenow 
fragment DNA polymerase prefers the natural (dNTP) 

substrate by several thousandfold. We have used this preference in order 
to investigate how Klenow fragment interacts with the sugar 
portion of an incoming dNTP. We screened mutant derivatives of 
Klenow fragment so as to identify those amino acid residues that 
play important roles in distinguishing between dNTPs and ddNTPs 
Substitution of Phe762 with Ala or Tyr caused a dramatic 

decrease in the discrimination against ddNTPs, while mutations in Tyr766 
and G1U710 had a smaller effect, suggesting that these two side-chains 
play secondary roles in the selection of dNTPs over ddNTPs. In order to 
understand the interactions in the enzyme -DNA -dNTP ternary complex 
pre-steady-state kinetic parameters for the incorporation of dNTPs 'and 
ddNTPs were determined for wild-type Klenow fragment and for 
mutant derivatives that showed changes in dNTP/ddNTP 

discrimination. From elemental effect measurements we infer that selection 
against dideoxynucleotides takes place in the transition state for the 
conformational change that precedes phosphoryl transfer. The crucial role 
of the Phe7 62 side -chain appears to be to constrain the dNTP 
molecule so that the 3 • -OH can make an interaction with another group 
withm the ternary complex. When Tyr is substituted at position 762 the 
same interactions can take place to position the dNTP, but specificity 
against the ddNTP is lost because the phenolic OH can compensate for the 
missing 3 ' -OH of the nucleotide. Substitution of the smaller Ala 
side-cham results in a loss in specificity because the dNTP is no lonqer 
appropriately constrained". Measurement of reaction rates as a function of 
magnesium ion concentration suggests that the interaction made with the 
dNTP 3; -OH may involve a metal ion and the Glu710 side-chain, the simplest 
scenario being that both the 3 ' -OH and the carboxylate of Glu710 are 
ligands to the same metal ion. 
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AB Modified gene encoding a modified DNA polymerase 

wherein the modified polymerase incorporates dideoxynucleotides at least 
20- fold better compared to the corresponding deoxynucleotides as 
compared with the corresponding naturally-occurring DNA 
polymerase . 
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